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the CCRadiologic manifestations and pathologic mechanism of human
infected avian influenza (H7N9)Influenza is a global infectious disease which has been
shown to cross the species barrier and infect human beings.
Previous human infected influenza A virus subtypes included
H1N2, H1N1 and H3N2 [1]. Since the first case of human
infected avian influenza (H7N9) was reported [2] in Shanghai
on February 19, 2013, WHO had reported 131 cases of
laboratory-confirmed cases on May 9, 2013, including 32
cases of deaths [3]. By the end of June 30, 2013, a total of 134
cases were reported, with 43 cases of death. Since then, new
sporadic cases have been reported in different regions of
China, especially in Guangdong province with about 24
reported cases from November 2014 to January 26 2015.
Concerning human infected avian influenza (H7N9), we
chose 4 different radiological reports on it from different
perspectives, all of which have practical significance. One
concerned statistical analysis of related radiological liter-
atures to understand the research status and significance of
radiological studies on human infected avian influenza
(H7N9). The statistical analysis has demonstrated that
scholars from multiple disciplines have committed to gaining
more knowledge about human infected avian influenza
(H7N9) from 2012 to 2014. Such a study helped us to
understand the global distribution of H7N9, especially the
related radiological contributions and helped us to learn more
comprehensively about the radiological advances in this field.
Another radiological report is to compare the chest imaging
findings (DR, CT) of human infected avian influenza (H7N9).
Based on the findings we understand that the characteristic
imaging demonstrations are segmental or lobar exudative
lesions in lungs at the initial stage, which rapidly progress
into bilateral distribution at the progressive stage. The third
one entitled “Initial computed tomography findings of
pneumonia in patients with human infected avian influenza
(H7N9)” analyzes the initial computed tomography findings
in patients diagnosed with H7N9 virus-associated pneumo-
nia, with the findings of predominant ground glass opacities
and less dominant consolidations, commonly along with air
bronchogram, multifocal or bilateral involvement and sub-
pleural and central distribution. And the 4th studyeview under responsibility of Beijing You'an Hospital affiliated to
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pneumonia caused by human infected avian influenza H7N9.
The findings will definitely benefit the symptomatic treatment
and mortality reduction.
The 4 studies, from international to national and from
micro-level to macro-level, summarize the radiographic fea-
tures and pathological changes of influenza-related viral
pneumonia, which enrich and develop the theoretical frame-
work of medical radiology to guide the clinical practice and to
improve the diagnostic level of influenza pneumonia. The
diagnostic criteria of influenza A (H7N9) [4] is consistent with
the diagnostic guideline issued by the Ministry of Health,
China, which was entitled “Clinical guideline for cases of
human infected avian influenza (H7N9) (First Edition 2013).”
The diagnostic criteria are positive finding in laboratory test
for nucleic acid of avian influenza virus (H7N9) by RT-PCP.
The criteria of being cured are negative findings in double
laboratory tests for nucleic acid of avian influenza virus
(H7N9) by RT-PCP. And the clinical symptoms of patient are
absent.1. Epidemiological features
It has been reported [13] that one-third of the patients has a
definite history of exposure to poultry, about two-thirds of the
patients deny such a history, and the others reported no epi-
demiological history.2. Relationship between the incidence of influenza A
(H7N9) and underlying diseases
As was reported [4], the mortality rate of influenza A
(H7N9) is 33%. Qian Haifeng et al. reported their radio-
logical findings in a group of 10 patients with pneumonia
caused by influenza A (H7N9), 8 with underlying disease and
2 with no underlying diseases, indicating the occurrence of
influenza A (H7N9) is related to certain risk factors. The
identified risk factors include diabetes, pregnancy, the eld-
erly and compromised immunity [5] as well as viral pneu-
monia [6]. The disease often progresses rapidly with poor
prognosis [7].. Production and hosting by Elsevier B.V. This is an open access article under
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All patients with influenza A (H7N9) have such clinical
manifestations as high fever. Most patients sustain cough,
shortness of breath, chest tightness. And some patients show
cough with whitish phlegm or blood stained sputum and
fatigue. All of these clinical manifestations are consistent with
previous reports.
4. Pathological mechanisms
The viruses settle and replicate in the respiratory epithelial
cells at the early stage of human infected avian influenza
(H7N9), while the antigen in human body induces a series of
cellular immune responses to maintain a stable environment.
For instances, the activation, proliferation and differentiation
of T lymphocyte increase peripheral blood CD4þ T lympho-
cytes; the synthesis and secretion of inflammatory cells and
chemokines induce infiltration of monocytes, NK cells, mac-
rophages and other inflammatory cell at the lung septum and
the alveoli; the release of a variety of inflammatory cytokines
promotes progress of inflammation, leading to interstitial
pneumonia and inflammatory exudates [8,9].
Since infected monocytes, macrophages and other inflam-
matory cells continue to release large amounts of tumor
necrosis factors, interleukin and other pro-inflammatory
cytokines, chemokines, trigger an “inflammatory storm” to
promote systemic inflammatory response [10]. Due to the role
that the inflammatory cytokines play in alveolar wall, the
alveolar inflammatory exudates fill the alveolar space to cause
necrosis of type I alveolar epithelial cells and hyperplasia of
type II epithelial cells. Even alveolar microvascular bleeding
or thrombosis occurs [11,12].
5. Radiological finings at lungs of patients with influenza
A (H7N9)
The basic radiological findings at lungs of patients with
influenza A (H7N9) include patchy and cloudy ground-glass
opacity, which gradually develops into segmental con-
solidation of lungs or whole lobar consolidation. The lesion of
consolidation can be either multiple or singular distributed in
one or two lungs, which is mostly found at the dorsal and
basilar parts of both lower lung lobes. With progress of the
disease, the lesion gradually involves the upper lung fields.
Based on the radiological findings at lungs characteristic
of influenza A (H7N9), Lu suffrage et al. [8,13] summarized
4 points: (1) The lesions are most commonly found at the
dorsal and bilateral lower lung lobes with extensive
involvement of lung tissue and even more extensive
involvement of both lung segments. (2) Ground-glass opac-
ities and/or pulmonary consolidation are common radio-
logical findings at the early and progressive stages of severe
pneumonia caused by influenza A (H7N9). (3) Pleural effu-
sion is also characteristic of human infected avian influenza
(H7N9). (4) The lesion at the dorsal part of both lower lung
lobes and subpleural tissue can be absorbed much slower thanthat at the upper and middle lung lobes. The earlier emerging
lesion is absorbed slower and vice versa. At the first clinic
visit of most critically ill patients, severe pneumonia occurs,
mostly bilateral and sometimes involving multiple lobes with
obvious pulmonary opacities and common pleural effusion.
Severe pneumonia rapidly progresses into acute respiratory
distress syndrome, with occurrence of death within 3e6 days.
Lu suffrage et al. classified its clinical course into 3 stages,
namely early (exudative) stage at d 1e2 since onset with
cloudy ground glass opacity, advanced (invasion) stage at d
2e4, and convalescence stage, if timely and effectively
intervened, with lesions obviously absorbed in a week. Pul-
monary fibrosis may still exist after recovery. Otherwise,
once the conditions develop into critical (consolidation)
period, acute respiratory distress syndrome (ARDS) may
occur with poor prognosis. Xiangrong Huang et al. [14]
reported dynamic correlations between radiological findings
at lungs in patients with influenza A (H7N9) and the viral
load, CD4þ T lymphocytes. They found that once infected
with H7N9 subtype of avian influenza virus, the patient's viral
load sharply increases while CD4þ T lymphocytes rapidly
decline, and the range of lesions at lungs is exceeds 50%
within 24e48 h. The viral load reaches its peak value within
5e7 days while CD4þ T lymphocytes continue to decline to
its lowest level within 8e10 days, and the range of lung
lesions reaches its peak. After administration of antiretroviral
therapy, the viral load begins to decline while the CD4þ T
lymphocytes count begins to rise, and the lung lesions begin
to be absorbed. The viral load indicates replication of virus in
the respiratory epithelium, showing the impact of virus on
human body. While helper T lymphocytes play an important
role in cellular immunity, the dynamic changes of the viral
load, CD4þ T lymphocytes count and the range of lung
lesions provide evidence demonstrating the clinical rela-
tionship between the virus and its host.
6. Differential diagnosis
Pneumonia caused by influenza A (H7N9) should be dif-
ferentiated from common and mycoplasma pneumoniae
pneumonia. Common and mycoplasma pneumoniae pneumo-
nia develop less rapidly than influenza A (H7N9), showing a
wider range of ground-glass opacity and rarely developing into
severe pneumonia or ARDS within a short period of time.
Pneumonia caused by influenza A (H7N9) should also be
differentiated from bacterial pneumonia. The lesions of
pneumonia caused by influenza A (H7N9) are not restricted by
lung anatomy, while the lesions of bacterial pneumonia are
mostly confined to opacities of the lung lobes.
7. Radiological findings of pneumonia complicating
influenza A (H7N9)
Patients with ARDS under mechanical ventilation are
readily to sustain bruised lung, with alveolar rupture and
mediastinal emphysema or pneumothorax, subcutaneous and
mediastinal emphysema. Ventilator pneumonia may also
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even with minor radiological findings may develop with poor
prognosis, and such patients deserve focused attention.
In summary, radiology plays an important role in the
diagnosis and clinical treatment. Confronting with the serious
threat presented by sudden and major infectious diseases to
human health and social development, advanced digital radi-
ology shows significant advantage in the study of disease
course and its correlations with pathogenesis. As is known,
radiological findings are manifestations of pathology, while
pathology is the basic theory supporting radiological findings.
Therefore, radiology is essential for early detection, diagnosis,
intervention and control of such diseases including human
infected avian influenza (H7N9), which greatly facilitates
mortality reduction. However, a systemic assessment by
radiology and a spectrum of disease-related complications of
human infected avian influenza (H7N9) have not been estab-
lished. Therefore, we further summarize radiological specifi-
cations and expert consensus on human infected avian
influenza (H7N9). We attempt to reveal the characteristics and
evolution of human infected avian influenza (H7N9) from both
radiology and pathology to enrich and develop the theoretical
basis for its clinical diagnosis and treatment.
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